The objective of this work was to enhance personalized medicine through the development and implementation of Genomic Information Systems (GeIS). For this, a web application called "GenesLove.Me" (GLM) was developed to provide direct-to-consumer genetic tests (DCGT). This paper focuses on the development of the business processes (BPMN) and a conceptual model (CM) for GLM, designed to analyze and improve the processes involved in this type of service and provide a model-based platform to manage genetic diagnoses in a scalable, secure and reliable way. Software Engineering (SE) approaches applied to the genomic context play a key role in the advancement of personalized and precision medicine.
INTRODUCTION
The current availability of direct-to-consumer genetic tests (DCGT) has a great number of advantages for the genomic domain, making it easier for end-users to access early genetic-origin diseases diagnosis services. Romeo-Malanda (Romeo-Malanda, 2009 ) defines "direct-to-consumer genetic analysis" as a term which is used to describe analytic services offered to detect polymorphism and health-related genetic variations. Although this type of analysis is available through direct sales systems in pharmacies or other health care bodies, the Internet has become the main selling channel for direct-to-consumer genetic analyses. The usual procedure is to take a biological sample at home and send it to an analysis laboratory. The findings (results) of the analysis are communicated to the client by telephone, mail or electronic mail, or through secure access to an Internet portal (UNESCO, 2004) .
The heterogeneity and dispersion of the data sources represent a great challenge, known today as "genomic chaos" (León et al., 2016) . As the management of genomic repositories offers many benefits to the biomedical community, it is necessary to carry out studies and analyses to support the implementation of mechanisms to improve aspects related to data integrity, consistency and homogeneity (Reyes Román, 2014) . In this way it will be possible to generate more reliable results for end-users by guaranteeing true Precision Medicine (PM).
The genomic data repositories (e.g., NCBI (NCBI Resource Coordinators, 2013) , OMIM (Hamosh et al., 2005) and Ensembl (Cunningham et al., 2015) contain a very extensive set of information capable of being analyzed to extract concise data and generate results with greater accuracy. The efficient use of advances in genomic research allows the patient to be treated in a more direct way, which is reflected in results such as:"better health" and "quality of life".
In order to treat the data that will be used in the proposed application, we implemented the SILE (Search-Identification-Load-Exploitation) methodology (Reyes Román and Pastor López, 2016) which was conceived in the PROS's Research Center in order to improve selective loading processes of our Human Genome Database (HGDB).
Our aim in this work was twofold:
• To provide "GenesLove.Me" (GLM) as a web application designed to generate direct-to-consumer genetic tests (DCGT) supported by Business Process modeling (BPMN) (Object Management Group, 1997) and conceptual modeling (MC) (Olivé, 2007) techniques to study and analyze the essential elements of the processes involved in the genomic domain and improve the development of Genomic Information Systems (GeIS).
• To apply Software Engineering (SE) knowledge to improve Precision Medicine (PM). Ensuring PM for end-users involves implementing tools for studying, treating, exploring and exploding the genomic data generated and stored for several years to generate genetic diagnosis. The current DCGT demand was the reason for studying and analyzing the processes and stakeholders involved in this domain. The genetic tests are the result of the progress in the genomic environment with the aim of exploiting PM. The genomic domain requires methodologies and modeling techniques capable of integrating innovative ideas into data management, process improvement and the inclusion of quality standards.
The paper is divided into the following sections: Section 2 reviews the present state of the art. Section 3 describes BPMN applied to genetic testing. Section 4 contains the representation of the domain by a conceptual model. Section 5 describes a case study with the GLM application, and Section 6 summarizes the lessons learned and outlines future work.
RELATED WORK
Bioinformatics now play an important role in contributing advances to the medical and technological sector. Genetic testing reveals existing knowledge about "genes" and "variations" in the genomic domain, which is used to diagnose diseases of genetic origin in order to prevent or treat them. This brings precision medicine closer to end-users (i.e., clients / patients).
The study of genomics (i.e., data repositories, genetic variations, diseases, treatments, etc.) is constantly growing and is increasingly seeking to ensure the application of precision medicine. DNA sequencing began in 1977 and since then software tools have been developed for its analysis. Thanks to NGS Technologies (Mardis, 2010) , it is now possible to manipulate files (e.g., VCF) in order to generate genetic diagnoses in a more agile and efficient way (Reyes Román, 2014) .
PM is a way of treating patients that allows doctors to identify an illness and select the treatment most likely to help the patient according to a genetic concept of the disease in question (this is why it has also been called Personalized Medicine) (Aguilar Cartagena, 2015) . As shown in Figure 1 , this approach is based on a detailed knowledge of the genomic domain and on the information derived from the large amount of data generated in recent years. This information isconstantly growing as research provides more and more findings every day. Fowler et. al. (Jiménez, 2014) describe the advances in genomics that will provide practical information on diseases, those who are most likely to suffer them, and how most successful treatments can be applied, thus reducing the uncertainty and stress of patients and their families (Jiménez, 2014) , (Instituto Nacional del Cáncer, 2015) .
The advantages of genetic tests are innumerable and allow us to identify mutations or alterations in the genes and are of great use and interest in clinical / personalized medicine and the early diagnosis of diseases (Fisiotraining Córdoba, 2016) , (Grupo RETO Hermosillo, 2016) . Bioinformatics supports the tasks of: management of biological databases; metabolic processes and population genetics; artificial intelligence and others. The exploitation of genomics is of interest to various branches of research, such as: a) sequence analysis, b) genome annotation, c) evolutionary computational biology, d) gene expression analysis, e) protein expression analysis, f) cancer mutation analysis, g) comparative genomics, h) modeling of biological systems, i) protein-protein coupling, etc. (Franco et al., 2008) By 2008 there were around 1,200 genetic tests available around the world (Fisiotraining Córdoba, 2016) , (Grupo RETO Hermosillo, 2016) , but they had some limitations (e.g., data management, genome sequencing, etc.) and their cost was quite high. For this reason, companies were interested in reducing costs and providing services to end-users in the comfort of their own homes. Technological advances played a fundamental role in the genomic environment, since the introduction of the NGS for sequencing samples made it possible to obtain sequences more quickly and cheaply (Metzker, 2010) , (Voelkerding et al., 2009 ). 23andMe (23andMe, 2016a , in this sector. This American company offers a wide range of services. The type of information obtained from genetic samples is oriented to: genetic history (ancestors) and personal health (risk of diseases), and is presented mostly in probabilistic terms (23andMe, 2016b). In the same way, in Spain companies of this type have emerged (e.g., Genotest 1 or IMEGEN 2 ), all with the aim of providing genetic tests to end-users, simply and in the form of providing a diagnosis that allows end-users to take reactive or corrective actions (e.g., prevention and treatment) to improve their quality of life.
Genetic tests contain a large amount of sensitive information, so that before offering these services it is necessary to evaluate all the elements involved, such as: ethical, moral, legal, etc. It is important to be aware that the studies carried out must always become prevention instruments oriented to helping end-users. Companies within this business context treat sensitive information, so it is necessary to implement security (high quality) and data protection mechanisms, in addition to including all relevant legal measures. Spanish legislation requires these services to be provided under the following laws: 
Periods of Conservation of Personal Data in
Biomedical Research (BOE, 2011).
General Health Law 86 (BOE, 2015).
For the implementation of DCGTs it is necessary to consider the aforementioned elements. In future years we will continue to improve our understanding of the human genome.
BPMN: DIRECT-TO-CONSUMER (DTC) GENETIC TEST
The GemBiosoft company is a spin-off of the Universitat Politècnica de València (UPV), founded in 2010.
The main objective of this company is to define the Conceptual Model of the Human Genome (CMHG) , to obtain a precise schema to manage, integrate and consolidate the large amount of genomic data in continuous growth within the genomic domain. To achieve this objective, Gembiosoft has extensive experience in Model Driven-development (MDD) (Pastor et al., 2008) and an interdisciplinary team of people -engineers and Ph.D.s-trained to implement solutions aimed at i+D companies applying information technologies in the bioinformatics and health fields. GemBiosoft's collaborators include: PROS Research Center (UPV), PrincipiaTech and IMEGEN (Instituo de Medicina Genómica).
Case Description
GemBiosoft has a web application called "GenesLove.Me" which offers direct genetic testing to the consumer. The information provided by the genetic tests is accessible online to all users without prior registration (anonymous users). Figure  2 depicts the general use case of the interaction between actors and the web application, i.e. the application's functionality. For example, non-registered users of the web application are able to consult all information related to the diagnosis of rare diseases of genetic origin, their characteristics, treatment, tutorials and videos of the way in which the process is performed.
Access security in GenesLove.Me is controlled by profiles. Users can access GLM under 3 profiles: (1) clients (patients), (2) provider and (3) administrator. An authenticated user with a certain access profile is authorized to carry out the operations corresponding to the access profile.
(1) Clients (patients): Users with this profile are able to contract the services offered by selecting the services (direct-to-customer genetic test) they are interested in and then paying the fee. The user is able to monitor the notifications and messages related to the diagnoses, besides consulting the histories of all the studies and treatments carried out and updating the information associated with his profile.
(2) Supplier: Users with this profile are able to generate notifications about the change of status in the treatment of samples. After receiving the genetic sample, the user activates the sample by entering its code number. They can then track the sample until the sequence file is generated. They can also update their profiles and consult all the activated samples (in progress and finalized).
(3) Administrator: A user with administration privileges performs administration and maintenance tasks of the web application, such as: a) publishing online results (the administrator uploads the resulting diagnoses from the analysis performed on samples sequenced by the VarSearch 3 tool. The application automatically notifies the user when his/her results have been published); b) publishing advertisements; c) publishing new diagnostic services to diag- 
Genomic Diagnosis Process
Genetic tests are currently offered with the aim of detecting a person's predisposition to contracting a disease of hereditary origin (U. S. National Library of Medicine, 2017). The bioinformatics domain seeks to provide the necessary mechanisms and means to generate genetic diagnoses that allow the end-users (patients) to obtain these results to facilitate a personalized prevention treatment. Figure 3 shows a BPMN diagram describing the genetic diagnosis process (from the end-user's service request until he/she receives his/her genetic test report). In this process, the three actors/users specified in Section 3.1 are involved: 1) The client (patient) who requests the service to determine whether or not he / she has a disease of genetic origin; 2) The company, in this case GemBiosoft, which is in charge of managing and performing the Genomic Diagnosis; and 3) the Suppliers, who in this case prepare the file containing the reference of the patient involved in the genetic test.
The general process begins when the end-user (patient) enters the web application and requests the genetic analysis (t1: task 1). The company (GemBiosoft) processes this request and proceeds to send the sample container to the client (t2). When the client receives the container, he must activate it by registering its identifier in the web application (t3), then place the sample in the container and send it back to the company (t4). Upon receipt of the sample, the company confirms that it meets the necessary requirements for the study and notifies the customer of its receipt (t5). The next step is to determine the supplier who will be responsible for sequencing the samples and send him the sample (t6). The selected supplier receives the sample and notifies its reception to the company (t7). Sequence preparation is initiated through the sequencing technology used by the supplier (t8). The supplier sends the resulting sequence of the sample (file) to the company (t9). The company confirms its reception to the supplier and proceeds to analyze the sequenced sample as part of the genetic diagnosis (t10). The definitive diagnosis report (t11) is then generated. The company (in this case the ad- ministrator/user) proceeds to publish the genetic diagnosis (result) in the web application and the end-users are automatically notified of the results (t12). To end the process, the end-user accesses the web application to obtain the diagnosis and make any queries (results) (t13).
The BPMN (Business Process Model and Notation) gives companies the ability to understand their internal business procedures in graphical notation and the ability to communicate these procedures in a standard way (Chinosi and Trombetta, 2012) . Through the model shown in Figure 3 , it facilitates the understanding of commercial collaboration and transactions between organizations. In this figure we can see the interactions between end-user, company and suppliers (Reyes Román, 2014) . The company is interested in providing a web application that allows endusers to obtain a quality genetic test in a simple way that aids the treatment and prevention of diseases of genetic origin.
REPRESENTATION OF THE DOMAIN: CONCEPTUAL MODEL
It is widely accepted that applying conceptual models facilitates the understanding of complex domains (like genetics) (Reyes R et al., 2016) . In our case we used this approach to define a model representing the characteristics and the processes of direct-toconsumer genetic tests (DCGT). One of the leading benefits of CM is that it accurately represents the relevant concepts of the analyzed domain . After performing an initial analysis of the problem domain, the next step is to design a domain representation in the form of a CM. Our CM (Figure 4 ) evolved with the new discoveries made in the field of genomics in order to improve data processing to ensure effective precision medicine (PM). We can thus see how CM gives positive support to the knowledge in which precision medicine plays a key role (Reyes Román, 2014) . It is important to highlight that the advantage of CM for representing this domain is that it eases the integration of new knowledge into the model .
After an analysis of the requirements required for this work, important decisions were taken to arrive at an adequate representation of the basic and essential concepts in the understanding of the domain under study. Figure 4 presents the conceptual model proposed, which can be classified into three main parts: a) Stakeholders, b) Genetic diagnostics and c) Sales management.
The first part of our conceptual model represents all the participants involved in the web application. To represent the "Users" class of the inherit type we have the "Administrator", "Supplier Seq", "Patient Client" and "Anonymous" classes respectively
The DCGTs are initialized when the end-user ("patient customer") accesses the application. If the interaction does not have user credentials, it remains an "anonymous" user, otherwise, it becomes a client. The "client customer" contracts one or more services, which cover one or more diseases, represented in the model by the "Services" and "Diseases" classes, respectively.
Diseases are studied using the SILE methodology (Reyes Román and Pastor López, 2016) , and when complete, the study is offered as a service. The enduser adds the services of interest to his shopping cart (represented by the "Shopping Cart" class) and then performs the payment process. For this, all the billing information, shipping address and acceptance of the purchase contract (which explains the rights and duties of the end-user and the company) is entered in the CM through the "Payments" class.
The management of genetic diagnoses is represented in the conceptual model through the "Diagnostic" and "Historical diagnosis" classes. The "Diagnosis" class shows the results obtained after the analysis of the sequence and a list of the diseases contracted. The user has the ability to consult his history associated with all the diagnoses requested by the application.
The diagnosis of genetic data begins when the company receives the file containing the sample sequenced by the supplier (represented by "Supplier Seq" class). The application administrator is responsible for publishing the diagnosis results on the web and automatically notifies the end-user of the availability of his report. Other activities of the administration consist of the publication of advertising related to the implementation of new services and control of sales of the application.
Through our CM we incorporate genetic data currently used in the PM, achieving a conceptual representation that meets the needs of the bioinformatics domain. As we mentioned above, this model aims to improve the conceptual definition of the treatment related to genomic diagnosis, and thus leave a conceptual framework for further improvements.
CASE STUDY: GenesLove.Me SERVICE FOR END-USERS
In this section, we describe the design and implementation of GenesLove.Me 4 (GLM), an online web application based on the business process described in Section 3 of this work. The application becomes the point of interaction between three actors: the clients of genetic tests, the company that performs the genetic diagnosis and the suppliers who sequence the genetic samples. The main objective is to operate the DCGT service through an accessible online and easy-to-use platform for the actors involved in the process. The platform offers a wide range of genetic tests on its main page (Figure 5 ), from which users are able to contract one or several genetic testing services (e.g., lactose intolerance, androgenetic alopecia, alcohol sensitivity, etc.) according to their needs. The company in charge of genetic analysis and diagnosis manages all the service orders received and monitors the change of order status throughout the service delivery process. For instance, the status of the order changes to "KIT SENT TO SUPPLIER" when the company (in charge of the analysis and diagno- sis) sends the genetic sample to the suppliers responsible for sequencing the genetic samples and once the genetic samples have been sequenced and received from the supplier, the order is assigned "ANALYSING SAMPLE" status. Each status change is notified to the end-user via email and can be further visualized on the web user interface.
GLM is a web application implemented under a client-server architecture as is shown in Figure 6 . The client side, the user's browser (e.g., Firefox (Mozilla, 2017) , Chrome (Google, 2017) , Internet Explorer (Microsoft, 2017) , etc.) serves as the interaction point between the user and application. The end-user interacts with an easy-to-use graphical web interface to request genetic testing services available in the application. The server side is hosted on the Internet and contains: a) the Apache 2.2 web server (The Apache Software Foundation, 2017) with the application logic implemented with PHP (W3schools, 2017) programming language and b) the data stored in the MySQL5.5 (Oracle Corporation, 2017) database engine.
The GLM design allows customers to access the online product range (i.e., clinical tests) from anywhere and at any time. In the same way, the administrator users in charge of site management and internal business tasks can access the GLM through an Internet connection. GLM is implemented under Prestashop 5 , an open source eCommerce CMS platform, which facilitates the implementation of customized solutions oriented to the marketing of products framed in a simple purchase-sale process. The platform incorporates both modules and website templates in order to provide, respectively, specific functionality and graphic style customized according to the business's needs. There is a great variety of free and commercial modules 6 and website templates created by web developers available on the Internet to be down-loaded and used.
The default Prestashop download package available on the official site includes modules of basic functionality (e.g., customers, products, orders, etc.) which are sufficient to create and manage a basic e-commerce platform. However, Prestashop allows complex functionality modules to be incorporated to tailor sites to particular needs. For instance, it is possible to install a module that deals with the complexity associated with the credit card payment process.
GLM takes full advantage of the range of functionalities offered by a CMS e-commerce platform such as Prestashop. Indeed, GLM offers a variety of on-line genetic tests, keeps the customer database and orders the genetic test sales process thanks to the available payment methods, such as bank transfer, credit card payments through PayPal (Jackson, 2012) or payments by electronic check.
The GLM client module represents the database of registered clients interested in the genetic tests. The ordering module lists the requests made by the customers, which consists of a reference code useful for order tracking, the name of the customer, the total value, the payment method and the current status of the order within the business process. The application's administrator manages the orders and updates the state of the orders. Updating the order state means a status change that automatically notifies the end user via e-mail. GLM facilitates the management of orders through the sequence of 13 states shown in Figure 7 . Every state order change generates an email notification to keep customers informed of the processing of their orders. It is important to note that GLM includes interaction with VarSearch (see task 10 and 11 of Figure 3) , an application developed by PROS Research Center to automatically identify the relevant information contained in the genomic databases and directly related to the genetic variations of the sequenced sample. VarSearch relies heavily on a Conceptual Model of the Human Genome (CMHG), which makes integration of external genomic databases feasible. How-The GLM user administrator has access to the administration panel (back-office) to manage the entire business process as well as the security and functionality of the site. The management screen has relevant information and direct access to the configuration and maintenance zones. For example, a strategically visible part of the main management screen displays information on the sales indicators and useful information for the management of the business accounting. By accessing the access security module, it is possible to configure profiles and access permissions for all users. It is also possible to manage the modules of users, products, orders, as well as the rules for discounts on purchases and customer service (e.g., forums, e-mail notifications). Thanks to the web platform on which the solution is implemented, site management can be carried out from anywhere and at any time.
Each module installed adds a functionality that supports to a greater or lesser degree the main reason of the platform: buying and selling products. The buying-and-selling process establishes the buyerseller relationship through a simple process consisting of three states: Pending, Paid and Sent. "Pending" indicates that the user has requested a product, stored it in the shopping basket but still has to generate the payment. The "Paid" status indicates that the user has registered the payment for any of the options configured and available (e.g., bank transfer) and "Sent" indicates that the seller has shipped the product and is in the process of delivery to the customer.
Process Validation
In order to validate the process proposed in Section 3, test cases were performed with the implemented solution. The validation scenario consisted of a group of five (5) users, who made requests for genetic testing for "lactose intolerance". To begin the process, each user involved in the case study authorized the procedure through an "informed consent" (Reyes Román, 2014) , (de Galicia, 2001 ) which becomes a legal support that establishes the rights and obligations of the service offered and its expected scope.
LESSONS LEARNED AND FUTURE WORK
This paper describes a study and analysis of the implementation of a web application to facilitate DCGT, which informs end-users on their predisposition to suffer certain genetically based illnesses. Through the development of our web application "GenesLove.Me" we seek to provide end-users with a genomic diagnosis in a secure and reliable way. The use of BPMN and Conceptual Modelingbased approaches for this type of service aids the understanding of the participants in the processes in the genomic domain and improves the processes involved. Through the proposed models we were able to evaluate different points:
1. Process evaluation: the processes involved in the direct-to-consumer genetic tests (DCGT) were studied, and a business model was developed to define the structures and relationships with the stakeholders.
2. Improvement in data management: a conceptual model (CM) was proposed for the definition of the relevant concepts in the domain with the objective of guaranteeing reliable and personalized medicine.
The validation of -GenesLove.Me-included the study of four disorders of genetic origin: Alcohol Sensitivity, Androgenic Alopecia, Lactose Intolerance, and Dupuytren. The research process was carried out using the SILE (Search-Identification-LoadExploitation) Methodology, and after obtaining the variations/genes associated with the diagnoses, we made the selective loading of the data to our HGDB (Human Genome Database).
This web application was developed to provide end-users with an early genetic diagnosis through an attractive and easy-to-use distribution channel. Bioinformatics is a domain that is constantly evolving, and with the application of conceptual models we can extend our genomic knowledge and conceptual representation accurately and simply.
Future research work will focus on three main goals:
• The study and treatment of new diseases of genetic origin and continue expanding the list of illnesses available in the web application.
• To extend our Conceptual Model of the Human Genome (CMHG) by integrating new genomic information , to improve the generation of genetic diagnoses.
• Implementation of data management mechanisms to enhance the quality of personalized medicine. 
